Abstract Main goal of the project was the study and management of water resources as well as the application of multicriteria analysis in selecting the best location for the construction of a dam in the basin of Nestos river. Nestos river is considered to be one of the largest rivers in Greece, with significant environmental value. The best position for building a dam was examined by applying the methods of Saaty, Compromise programming and the method of Entropy weights. Although multicriteria decision analysis is not a fully objective process, its importance is undeniable. The analysis in this project is treated as an optimization problem of f=(f 1 ,f 2 ,…f m ), where f i (i=1,2,…m) is the set of possible alternative solutions (in the specific problem the set of possible positions of dams), x j ,(j=1,2,…n) is the set of the various criteria and f i (x j ), (i=1,2,…m, j=1,2,…n) is a crisp value indicating the performance rating of each alternative f i . Criteria importance w j (j=1,2,…m) is a reflection of the Decision Maker's (DM) subjective preference as well as the objective characteristics of the criteria themselves. In the case under study, seven possible locations for dam construction were selected for evaluation. For these positions an analysis was carried out using all methods mentioned before in order to rank each dam. The results of these methods are presented and compared.
political and social components of the project. A single objective satisfying all aspects of interest is extremely hard to identify (Loucks et al. 1981; Iliadis and Maris 2007) .
Multiobjective or multicriterion optimization in water resources planning consists of compromising different conflicting objectives ( (Zeleny 1982; Belton and Stewart 2001) . A water resources management problem may have various design levels, from a simple structure to a very complex one containing managerial and engineering elements. For the design and evaluation of a In Table 1 , the stored water volume, the surface of the stored water, the volume of the dam, and the cost of each dam is presented. Grading of the dams was carried out according to the criteria, the method and scale of Saaty complex structure (for example a surface reservoir) a variety of parameters are incorporated in the design and increase the conflicting objectives. Many methods have been evolved for the evaluation of the above problems: ELECTRE I (Roy 1968) , AHP (Saaty 1975 (Saaty , 1977 (Saaty , 1980 Kamal et al. 2001; Pantouvakis and Manoliadis 2008) , ELECTRE II and ELECTRE III (Belton and Stewart 2001), PROMHTHEE I and II, (Brans and Vincke 1985) , Compromise Programming (Zeleny 1974 (Zeleny , 1982 , MCQA-I and MCQA-II (Duckstein et al. 1991) , etc.
Problem Statement
The area under study is the basin of the river Nestos in Greek territory (Fig. 1) . Nestos River originates from mount Rila in Bulgaria and spreads in West Bulgaria and Northern Greece. Nestos river enters Greece from the north west of Drama through mounts Orvilos and Rodopi. In the initial section is divided into two arteries, the White and Black Nestos and then joins other tributaries from which the larger ones are Despatis, Diavolorema and Arkoudorema. The river has a total length of 234 km of which 130 compose the Greek part. The catchment area is 6.178 km 2 , of which about 60 % belongs to Bulgaria. The slopes of the river are steep as it is surrounded by bold mountains and peaks with high altitudes.
Nestos basin is highly mountainous with rich aquatic resources. Mountain areas are characterized by a humid continental climate, while the lowlands by a mediterranean climate, with dry months from June to September and the rest of the months mild. In the lowlands, the average monthly air temperature of the warmest months of the year does not exceed 28°C, while the daily average is often greater than 30°C, with the extreme values 35 and 40°C during the day. The monthly average air temperature for the cold months is above 0°C, with The region is primarily agricultural and two dams exist in the area, Thesavros and Platanovrisi. The area is rich in water resources so the construction of a new dam is considered with storage capacity between 3 and 18 Mm 3 .
Study Area
Τhe analysis in this project is applied in optimizing f i =(f 1 ,f 2 ,…f m ), possible alternative solutions (in this case the set of possible positions of dams), x j ,(j=1,2,…n) is the set of the various criteria, and f i (x j ), (i=1,2,…m, j=1,2,…n) is a crisp value indicating the performance rating of each alternative f i . The matrix f i (x j ) is called decision matrix of the data. Criteria importance w j (j= 1,2,…m) is a reflection of the Decision Maker's subjective preference as well as the objective characteristics of the criteria themselves. Seven possible locations for dam construction in Nestos river basin (Deligiorgis et al. 2014) , were selected ( Fig. 1 ): F 1 =Arkoudorema-AR, F 2 =Saint Barbara-AB, F 3 =Ano Potamaki-AD, F 4 =Vathirema-BA, F 5 =Maurorema-MA, F 6 =Ano Aetorama-AA, F 7 =Tsoukali Rema-TR. For these positions a study was made for finding quantities to evaluate each dam on seven criteria (C 1 =cost, C 2 =protection from floods, C 3 = environment, C 4 =energy, C 5 =economical development, C 6 =irrigation and C 7 =accessibility). The geometric characteristics of the dams (height, cross section, volume), in each location were calculated. The run-off was estimated from the rainfall data and calculations were carried out for the surface and the storage capacity of the reservoirs. The construction cost was estimated as 22.227€/m 3 .
Criteria
Criterion C 1 (cost).
Based on Table 1 and the scale of Saaty, Table 2 was formed which is a reciprocal matrix.
Criterion C 2 (protection from floods). Following Saaty's method Table 2 was normalized and Table 3 shows the final grading of the Dams.
Flood protection is proportional to the volume of water stored in the dam. In this case, the dam with the largest stored volume is considered as optimum.
Criterion C 3 (environment).
In this criterion, the water surface created by the reservoir is considered. This is reflected in the range of Saaty, by assigning to the larger area the higher value.
Criterion C 4 (energy).
This criterion is linked to the height of the dam and the volume of the reservoir created for the seven scenarios that are considered in the paper. Therefore, one way to assess each dam relative to the energy that can provide a future hydroelectric plant is the comparison of the product of the water level height in the reservoir and the volume. The largest of these is considered as excellent in the scale of Saaty and accordingly the rest are graded. Criterion C 5 (economical development).
This criterion relates to the potential economic growth of the region. Construction of hydroelectric power station and at the same time irrigation of agricultural land is considered. So, the criterion of economic growth is calculated as the average of the energy and irrigation criteria.
Criterion C 6 (irrigation).
This criterion relates to the volume occupied by the stored water and the size of irrigated land.
Criterion C 7 (accessibility).
For this criterion the distance of each dam from the nearest roadway is considered. Zero distance is considered as optimal (dams very close to road) and as the worst 5 km. This assessment is reflected on a scale of Saaty.
The above considerations and Table 1 allowed the grading of criteria C 2~C7 , in the same way that the dams were graded according to criterion C 1 . Thus, Table 4 gives the overall rating of all dams for all criteria in dimensionless scale:
Weights Evaluation of the criteria weights of the problem: During this step, the comparison scale of Saaty is utilized and the following pairwise Table 5 is formed.
Finally, after finding and normalizing the eigenvector of Table 5 , the resulting Table 6 shows the weights of each criterion according to Saaty. 
Criteria Weights According to the Entropy Method
The weights of the criteria according to the entropy method are presented in Table 7 and further explained in the appendix.
Results and Discussion
The previous methods are used in the case of finding the best possible solution between the 7 dam positions which have been examined. Τhe decision matrix and the weights vector matrix of seven alternatives (F 1 , F 2 , F 3 , F 4 , F 5 , F 6 , F 7 ) are presented in Tables 5 and 6. 1. Applying the Compromise Programming (see Appendix), and according to the closeness measure, the rating order of the seven alternatives is presented below in Table 8 . In this table, the symbol > signifies better than. 2. Table 9 shows the rating order of the seven alternatives, applying the Saaty method. 3. The same procedure is applied using as weights those obtained by the entropy method (Table 7) , and the initial Decision matrix (Table 5) .
3.1 Τable 10 presents the rating order of the seven alternatives, applying the Compromise Programming. 3.2 Table 11 presents the rating order of the seven alternatives applying the Saaty method.
Conclusions
The L 1 norm of Compromise Programming and the Saaty method arrive at the same results, having a difference to the second and third order. The L 2 and L ∞ norms agree with L 1 norm and with Saaty method as far as the best solution (F 1 =Arkoudorema), but have different hierarchical order of the other alternatives.
Again the L 1 norm of Compromise Programming and the Saaty method agree absolutely having the same qualitative results in the hierarchical order. The L 2 and L ∞ norms disagree completely with L 1 norm and with Saaty method in the hierarchical order of the alternatives.
Saaty method shows important differences using Entropy weights, because of the different philosophy in the way of calculating the criteria weights.
Saaty method and method of Compromise Programming (L 1 norm) give the same results in terms of the most ideal dam position and the same ranking of the dam selection, providing that the same method (as far as the weights) is used.
For Compromise Programming according to Yu (1973) it appears that the group utility sum (L 1 norm) of the compromise solution is maximized, and as p becomes higher, the sum of utilities becomes smaller.(L ∞ <L 2 <L 1 )
Regarding the weights of the criteria, many other methods have been proposed and for each one the inventor claims that is the best. (p=1) may be interpreted as the group utility and for p→∞ the maximum individual regret appears, that is the lowest sum of individual utility. Finally L ∞ <L 2 <L 1 . 2) The weight w i of every criterion i which declares its importance in this project.
Saaty method
Saaty's method is simple and is described in the next steps: 1) Selection of criteria and alternative solutions. In this first step alternatives solutions are selected F j , (j=1,…,m) and criteria C i , (i=1,…,n). These criteria will be evaluated for every solution. 2) Evaluation of criteria for every solution. A matrix A=n x m is created, where in every element a ij alternative solution i is evaluated relatively to the criterion j in a scale of evaluation from 1 to 9, depending on how better or worse this solution is, compared to others after the results of a survey that has been carried out. 3) Pairwise comparison of the alternative solutions for each criterion creating as many matrices as the criteria and evaluating the solutions weights for every criterion. 4) Evaluation of the weights for the criteria of the project with the method of pairwise comparison. 5) Finally, evaluation and selection of the best solution after the use of the equation (7) for the Analytical Hierarchy Process:
Method of Entropy weights Shannon's method of Entropy (Shannon 1948a, b) is completely appropriate for calculating relative intensities of contrasts for economic problems and shows the average internal information transmitted to the decision maker. According to Zeleny (1974) , the measure of Entropy shows clearly the quantity of the decision's information in every element of the decision matrix. Entropy constitutes a measure of uncertainty formed by the use of probability theory. This shows that a depressed distribution represents more uncertainty than a rough distribution. For the assessment of objective weighs by the measure of entropy, decision matrix x j i is normalized for every criterion C j (C j =1,2,…m) according to the equation:
Consequently, a normalized matrix which represents the related performance of every alternative activity x i is created:
The raw data is normalized to eliminate anomalies with different measurement units and scales. This process transforms different scales and units among various criteria into common measurable units to allow the comparison of different criteria. The quantity of information that is included in the previous matrix and arise from every criterion C j (C j =1,2,…,m) can be calculated by the value of entropy e j : 
where k=1/ln(n) is a proof which ensures the operator 0≤e j ≤1.The rate of deviation (d j ) of the average internal information that is included in every criterion C j , (j=1,2,…,m) is calculated by the equation :
The deviation (d j ) represents the inherent contradictions' intensity of the criterion C j . The objective weight for every criterion is given by the next expression:
